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1. Introduction 


A Smarandache structure on a set A means a weak structure W on A such that there exists a proper subset B of A which 
is embedded with a strong structure S. In [9], W.B. Vasantha Kandasamy studied the concept of Smarandache groupoids, 
subgroupoids, ideal of groupoids and strong Bol groupoids and obtained many interesting results about them. Smarandache 
semigroups are very important for the study of congruences, and it was studied by R. Padilla [8]. 

As it is well known, BCK/BCI-algebras are two classes of algebras of logic. They were introduced by Imai and Iseki [4, 
5]. BCI-algebras are generalizations of BCK-algebras [7]. Mundici proved that MV-algebras are equivalent to the bounded 
commutative BCK-algebras, and so on. Hence, most of the algebras related to the t-norm based logic, such as MTL-algebras, 
BL-algebras, hoop, MV-algebras and Boolean algebras etc. [2,3,1] are extensions of BCK-algebras. 

It will be very interesting to study the Smarandache structure in this algebraic structures. In [6], Y.B. Jun discussed the 
Smarandache structure in BCI-algebras. 

BL-algebra have been invented by P. Hajek [2] in order to provide an algebraic proof of the completeness theorem 
of “Basic Logic” (BL, for short) arising from the continuous triangular norms, familiar in the fuzzy Logic framework. The 
language of propositional Hajek basic logic [2] contains the binary connectives o and => and the constant 0. 

Axioms of BL are: 


(Al) @3W)>(¥>0)> G5 .0)). 
(A2) Gow >. 

(A3) Gov) > (Wo®@). 

(A4) OMS) > Yov>)). 
(A5a) (QS (WY >) > (@oyp)> a). 
(A5b) (gow) S>a)> (Q9> (VW >0)). 
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(AB) (9S PW) >a) > (W> 9) >) >). 
(A7) 0S 0. 


MV-algebras were originally introduced by Chang in order to give an algebraic counterpart of the Lukasiewicz many valued 
logic. This structure directly obtained from Lukasiewicz logic, in the sense that the basic operations coincide with the basic 
logical connectives [1]. 

Lukasiewicz logic is an axiomatic extension of BL-logic and consequently, MV-algebras are particular class of BL-algebras. 

It is clear that any MV-algebra is a BL-algebra. An MV-algebra is a weaker structure than BL-algebra, thus we can consider 
in any BL-algebra a weaker structure as MV-algebra. 

In this paper we introduce the notation of Smarandache BL-algebra and we deal with Smarandache ideal structures 
in Smarandache BL-algebra. We introduce the notion of Smarandache (implicative) ideals in BL-algebra, we construct the 
quotient of Smarandache BL-algebra via MV-algebras and we prove that this quotient is a BL-algebra. 


2. Preliminaries 
An algebra A = (A, A, V,©, >, 0,1) of type (2,2, 2,2,0,0) is a BL-algebra if the following conditions are satisfied: 


(BL1) XV Y=YVX, VAX=XAy, 
(BLz) XVX=X, XAX=xX, 

(BL3) XV (VV Z)=(XV Y)VZ,XA(VAZ)=H(XA Y) AZ, 
(BL4) XV (XA Y) =X, XA (XV Y) =x, 
(BL5) xV1=1, xA0=0, 

(Ble) XOY=YOx, 

(BL7) XO Y)OZ=xO(yO2), 
(BLs) XO1=x, 

(Blo) ZK X¥>YSXOZK<y, 

(Blin) XA Y=xXO(X> y), 

(Blu) X*>y)V(y>x)=1, 


for all x, y,z€ A and consider x* =x > 0 [2]. 
An algebra Q =(Q,4, ©, *, 0,1) of type (2, 2,1, 0,0) is an MV-algebra if the following conditions are satisfied: 


(MV1) XB (¥OZ)=(XG y) SZ, 
(MV2) xXBy=y Ox, 

(MV3) x®0=x, 

(MV4) (x*)* =x, 

(MVs) x®1=1, 

(MV6) (x* By)* Py = (y* Ox)* Ox, 


for all x, y,z€Q [1]. 
By the following operations in MV-algebra, we can easily see the relationship between BL-algebra and MV-algebra which 
is given in the next proposition. 


(a1) O* =1, 

(a2) xXOY=(* Gy*)*, 
(a3) XOy=xOy*, 

(a4) XAV=(QXOY)OY, 
(a5) xVy=(xXOy*) Oy, 
(dg) X> y=X* Oy. 


Proposition 2.1. (See /2].) Every MV-algebra is a BL-algebra and any BL-algebra is an MV-algebra, if for all x we have (x*)* = x. 


In MV-algebra A we can define “<” by, x< ySx* @y=1 orx> y=1 [1]. 


Proposition 2.2. (See [2].) Let A be a BL-algebra. Then the following hold: 


(b1) X> (Y¥>2=y> (Xd), 
(bz) XK (X> y)> y, 

(b3) XOx* =0, 

(b4) XX y>y* <x*. 
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Definition 2.3. (See [2].) Let A be a BL-algebra. Then subset J of A is called an ideal of A if following conditions hold: 


(1) Oe], 
(Iz) x€ I and (x* > y*)* eI imply yel, 


for all x, ye A. 
3. Smarandache BL-algebra and Smarandache ideals 


From now on A= (A,A,V,©,—,0,1) is a BL-algebra and Q = (Q,4,0, *,0,1) is an MV-algebra unless otherwise 
specified. 


Definition 3.1. A Smarandache BL-algebra defined to be a BL-algebra A in which there exists a proper subset Q of A such 
that: 


(S1) 0,1 €Q and |Q| > 2, 
(S2) Q is an MV-algebra under the operations of A. 


Definition 3.2. A nonempty subset | of A is called Smarandache ideal of A related to Q (or briefly Q-Smarandache ideal 
of A) if it satisfies: 


(cy) ifxel, ye Q and y<x, then yel, 
(cz) ifx,yel, thenx@yel. 


Remark 3.3. If J is an ideal of A related to every MV-algebra contained in A, we simply say that I is a Smarandache ideal 
of A. 


Proposition 3.4. If Q satisfies Q 6 A C Q, then every Q -Smarandache ideal I of A satisfies the following implication: 


(vx,yel,VzeQ) (Z@ysOx*=0 = Zel. (1) 


Proof. Let (z@ y) © x* =0. Then z@y <x, since zEQ, yEICA and Q@GACQ we get that z@ ye Q and / is Q- 
Smarandache ideal of A, then z@yelJ. We have z<z@y,z€Q,z@yel! and! is a Q-Smarandache ideal of A, then 
zel. 


Open problem 3.5. Under what suitable conditions the converse of Proposition 3.4 is true? 


Example 3.6. Let A = {0, a,b, 1}. With the following tables 


©|0ab1 —>|0ab1 
0|0000 0}1111 
ajO00Oaa aja111 
b|jOabb bij0a11 
1/0abi1 1|/O0ab1 


Q is an MV-algebra which is properly contained in A. Then A is Smarandache Bl-algebra and Io = {0}, I1 = {0,a, 1} and 
Iz = {0,a,b,1} are Q-Smarandache ideals of A and also they are Smarandache ideals of A since {0,a,1} is only MV- 
subalgebra contained in A. 
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Example 3.7. Let A = {0,a, b,c, 1}. With the following tables 


©|Oabc1 >|Oabc1 
0ij00000 0j11111 
ajOaaaa ajO01111 
bjOabab bjOci1c1 
ci0aacc cjObb11 
1/0abc1 1\O0abci 


(A, A, V, *,—,0,1) is a BL-algebra. Q = {0, 1} is the only MV-algebra which is properly contained in A. Therefore A is not 
a Smarandache BL-algebra. 


Example 3.8. Let A = {0, a,b, c,d, 1}. With the following tables 


©|0abcdi —>|0abcdi 
0;j000000 0j1111141 
ajObbdOa aldlaccl 
b|jObbOOb blce11ccl 
ciO0dO0cdc cilbabial 
dj000d0d dja1lai111 
1/0abcdi 1/O0abcdi 


(A, A, Vv, *,—>,0,1) is a BL-algebra. Q = {0, b,c, 1} is an MV-algebra which is properly contained in A, with the following 
tables 


therefore A is Smarandache BlL-algebra, then Igo = {0}, I; = {0,b}, I2 = {0,c}, I3 = {0,b,c,1}, I4 = {0,d,c}, I5 = 
{0,a,b, c,d, 1} and Ig = {0,a, b,c, 1} are Q-Smarandache ideals of A. 


Definition 3.9. A nonempty subset F of A is called Smarandache implicative filter of A related to Q (or briefly Q- 
Smarandache implicative filter of A), if it satisfies: 


(Fi) 1eF, 
(F2) ifxe F, ye Q andx— ye F, then ye F. 


Remark 3.10. Let F be a Q-Smarandache implicative filter of A. Then F is not a Smarandache BL-algebra, since 0 ¢ F. 
Proposition 3.11. Let F be a Q -Smarandache implicative filter of A, then: 


(1) FY, 
(2) ifxe F,x<y,yeQ,thenyeF, 

(3) ifx, ye F, thenxOye F, 

(4) the set F* = {x* | x € F} is a Q-Smarandache ideal of A. 


Proof. 
(1) Since F is a Q-Smarandache implicative filter of A, therefore by (F;) we have 1 «€ F, then F 49. 
(2) Letxe F,x< y and ye Q. Then x* @ y=1, therefore x > y=1€ F by (F2) we get that ye F. 
(3) We have 
y> (x> OY) =y* O(X* @HOY)) 
= (y* ®x*) @(xOY) 
fe. (y* Q x*) Q (y* Q x)" 
=1 


therefore y > (x > (x© y))=1€ F, also x, ye F, then by (Fz) we have xO ye F. 
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(4) It is enough to show that (c,) and (cz) of Definition 3.2 hold. 
(c1) Let x* € F*, y*e Q and y* <x*. Then xe F, since ye Q and x< y, thus by (2), y € F implies that y* € F*. 
(c2) If x*, y* € F*, then x, y € F. By (3), xO y € F implies that (x © y)* € F*, therefore x* @ y* € F*, then (4) holds. 


Proposition 3.12. If the set F* = {x* | x € F} is a Q-Smarandache ideal of A and F C Q, then F is a Q -Smarandache implicative 
filter of A. 


Proof. 
(F,) O€ F*, implies 1 € F. 
(Fz) Let xe F, x ye F. Then x* € F*, (x > y)* € F* thus (x* @ y)* € F*. Hence ((x*)* © y*) € F* and xe FC Q imply 
that (x © y*) € F*, we have 
x* v y* =x* @ (xO y*) E F*. 
Then y* <x* v y* and y* € Q imply that y* € F*, hence y € F. Then F is a Q-Smarandache implicative filter of A. 


A Q-Smarandache ideal I of A is called proper if I 4 A. 


Definition 3.13. A proper Q-Smarandache ideal | of A is called prime Q-Smarandache ideal if 
xOyel or yOxel, 
for all x, ye A. 


Definition 3.14. A Q-Smarandache ideal M of A is called maximal Q-Smarandache ideal if only if the following conditions 
hold: 


(M1) M is a proper Q-Smarandache ideal, 
(M2) for every Q-Smarandache ideal I such that M CI, we have either M=I/ or |= A. 


Theorem 3.15. If I is an ideal of A, then I is a Q -Smarandache ideal of A. 
Proof. 


(cj) Letxel, ye Q and y <x. Then yOx* =O0e I. Since y © x* = (y* @ (x*)*)* = (x%* = y*)* El, thus yel. 
(cz) Let x, ye I. Since 


(y" > (> &® cae 


a 
as a ee 


fa )@ (ey) - 
y*)" @(x*)") o (we y)*)* 
= (y* ©x*) @ (y* Ox*)* =0E! 


therefore (y* — ((x* > (x@ y)*)*)*)* EI, y EI and by (Jz) we get that (x* > (x@ y)*)* € I,x eI and by (Iz) we have 
(x@y)el. 


In the following example we show that the converse of Theorem 3.15 is not true. 


Example 3.16. In Example 3.8, let [3 = {0, b,c, 1} be a Q-Smarandache ideal of A but is not an ideal of A. Since c € I, (c* > 
d*)* = (b> a)* =1* =0€ Ts but d €¢I3. 


Theorem 3.17. If I is a Q-Smarandache ideal of A and (x* © (y*)*) € I implies (x* © y) € I, then I is an ideal of A. 


Proof. 

(11) Put y=0 in (cy), then Oe I. 

(Iz) Let x EI, (x* > y*)* EI, thus ((x*)* @ y*)* € I. Then (x* © (y*)*) € I hence by hypothesis (x* © y) € I, on the other 
hand, 


XV Y=XO(X* Oy) 


258 A. Borumand Saeid et al. / Journal of Applied Logic 8 (2010) 253-261 


and by (c2) 


xvyel, y<xvy 


and by (c;) we get that ye I. 


Theorem 3.18. The relation ~g on a Smarandache BL-algebra A which is defined by 
x~QY = (K>yYEQ, y>xEQ) 


is a congruence relation. 


Proof. 

(1)x>x=1€Q, then x~g x. 

(2)x~q y thenx> yeQ, y> xe Q, therefore y ~q x. 

(3)x~a y, Y~qZ if only if «> ye Q, y>xeE Q), (YS ZEQ,z> YE Q) ie. (* OVE Q, YOxE Q), (y* OZ 
Q,z* ® y € Q), on the other hand, 


(x) X* @Z<xX* Py @ y* @Zz=1e€ Q and Q is Q-Smarandache ideal, then x* @ze Q, 
(ae) XBZ* <XPBy* Py @z2* =1€ Q and Q is Q-Smarandache ideal, then x@ z* € Q, 


thus by («) and («x) we get that x~g z. Clearly ~g is a congruence relation. 


Definition 3.19. Let A be a Bl-algebra and Q be an MV-algebra. Then + = {[x] |x € A} and [x]={y € A|x~g y} are 
quotient algebra via the congruence relative ~q. 


We define on $: 
[x] ® [yY]=[x® y], [x]* = [x*], [x] > [y]=[x—> yl. [x]Oly]=[xO yl, 


0 1 
= i; = A 0 <5 1 = 
[xX] A[y]=[xX/ y] [x] V[y]=[xv y] [0] 0 [1] 0 


Example 3.20. In Example 3.8, consider A = {0,a,b,c,d,1} and Q = {0,b,c, 1}. Then 4 = {[x] | x e A} = {[0], [a], [Db], [c], 
(d], [1]} such that: 


[0] = [b] = [c]=[1] = {0,b,c,1} and [a] =[d] = {a, d}. 


Example 3.21. Let A = {0,a,b,c,d,e, f, g, 1}. Then A is a BL-algebra with the following tables: 


bcdefg 
11 


0 


© 


Oabcdefeg 
0000000 
O0O0a00a 
OaboOab 
000000 
00a00a 
OaboOab 
O0O00ccc 
O0Oaccdf 
Oabcdefg 


J 


“AAA OO 


0 
0 
a 
c 
c 
d 
f 
f 


Btt,r7nansra°o 
Be 7Aqnra o][eR 
Bt nroanwranao 
oa TA AO 0Q 
aT etTao 0 OQ RP RH] 
cTrTrna no DW SB Re 
A QD oHOQ HS 09 
Qo 7 OQ RB Bq Re 
2B ARH HPHeHe 

OQ HQ Bo Bo OQ 
i a eee 


1 


S GQ SB Bq BP Bq Re 


Q; = {0,d, 1} is MV-algebra which is properly containe A with the following tables: 


Odi 


=a 0(@ 
Bao 
mee a 
—_—_ = 

* 
nn) 
ala 
jonny 


then A is Smarandache BL-algebra. We can see that an = {[x] | x € A} = {[0], [a], [b], [cl], [a], (el, LF1, fg], [1]} such that: 


[0] = [d] = [1] = {0, d, 1}, [a] = [e] = {a, e}, [c] =[g] = {c, g}, [b]={b} and [f]={f}. 
Q2 = {0,b, f,c,e, 1} is an MV-algebra which is properly contained in A with the following tables: 
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oe|\0bce fil 

O|\0 bce f 1 

ae -otfeet 
clce 

ieee Lf Peed 
fifififl 

1;1111141 


then A is a Smarandache BL-algebra. We can see that ee = {[x] | x € A} = {[0], [a], [b], [c], [d], (e], Lf 1, [g], [1]} such that: 


[0] = [b] = [c] = [e] =f] =[1] = {0,b,c,e, f,1}, and [a] =[d] =[g] = {a, d, g} 
and Q3 = {0,b, f,1} is an MV-algebra which is properly contained in A with the following tables: 


*“\0b f 1 
1f bo 
then A is a Smarandache BL-algebra. We can see that e& = {[x] | x € A} = {[0], [a], [b], [c], [a], [e], Lf 1, [g], [1]} such that: 
[0] = [b] =[f] =[1] = {0, b, f, 1}, [c] =[e] ={c, e}, [dJ={d} and [a]=[g] = {a, g}. 


Obf1 
Obf1 
bb11 
fifi 
ee 14 


rs, TO 


Theorem 3.22. The (. A,V,O, on a) which is defined in Definition 3.19, is a BL-algebra. 


Proof. The proof is straightforward. 


Remark 3.23. The (q: Qa. ro) is not an MV-algebra unless A be an MV-algebra. 


Remark 3.24. The (qf: 8, *, roo) is not a Smarandache BL-algebra unless A be an MV-algebra. 
4. Q -Smarandache implicative ideals 
For convenience, let x* y=x© y*. 


Definition 4.1. A Q-Smarandache ideal | of A is called a Smarandache implicative ideal of A related to Q (or briefly Q- 
Smarandache implicative ideal of A), if it satisfies: 


(c3) if (xx y)xzel and yxzel imply xxzel, for all x,y,zEQ. 
Proposition 4.2. If | is Q -Smarandache implicative ideal of A, then 


(1) (xx y)xy €limplyxxyel, 
(2) (xx y)*ze€ I] imply (x*zZ)*(y*z) El, 


forallx,y,zEQ. 
Proof. 


(1) Let (xx y)* ye J. Then (x© y*) © y* €I, we have y© y* =Oe! thus yx ye J, by (c3) we have (x*« y) EI. 
(2) Let (xx y)*zeI. Then (xO y*)©z* EI. Since 


(((xOz*) 0 (yoz)’)0z*) 0 ((xOy*) O2*)" =[(KOZ) O((yOz*) Oz*)]O (xO Y*) Oz) 
=[(x0z*) 0 ((y* ®z)"@z)"Jo((xoy*) oz)" 
=[(xoz*) 0 (ey) @y)]o((xoy*) Oz") 
=[(xoz*) oO (oy) Oy*)]0((xOy*) O2*)” 
=[(xoz*) oy*)OZoy*)]o (“xO y*) O2*)” 
=[((xO y*) ©z*) Oo Zoy*)"]o (“xO y*) O2*)” 
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therefore (((x © 2*) © (y © Z*)*) © Z*) © ((XO y*) © z*)* =O, then ((x © 2*) © (y © 2*)*) O2* < (XO y*) © z* EI and by (cz) 
we get that ((x © z*) © (y ©z*)*) © Z* € I, on the other hand, 


((xOz*) 0 (yO2*)') Oz =((xO(yo2")')oz)oz, 


then ((x© (y © z*)*) © z*) © z* € I and by (1) we get that ((xO (yO z*)*)Oz*) El. 
So we have 


(xO (yoz*)")oz)=(kOz)O(yoz*)’, 
then (x© z*) © (y ©z*)* € I. Therefore (x « z) * (y*z) el. 


Example 4.3. In Example 3.6, consider A = {0,a,b, 1} and Q = {0,a, 1}. Then we can see that Io = {0}, I; = {0,a,1} and 
Iz = {0, a, b, 1} are Q-Smarandache implicative ideals of A. 


Example 4.4. In Example 3.8, consider A = {0,a,b,c,d, 1} and Q = {0, b,c, 1}. Then we can see that 
Io = {0}, I, = {0, b}, Iz = {0, c}, 
I3 = {0, b,c, 1}, I4 = {0,d,c}, I5 = {0,a, b,c, d, 1} 


and Ig = {0, a,b,c, 1} are Q-Smarandache (implicative) ideals of A. 


Example 4.5. In Example 3.21, consider A = {0,a,b,c,d,e, f,g,1} and Q2 = {0,b, f,c,e,1}. Then I = {0,b} is Q- 
Smarandache ideals of A but is not a Q-Smarandache implicative ideal of A. Since for x= f, y=c and z=e in (c3) 
we have (f xc)xe=(f ©e)Oc=O0E! andcxe=cOc=Oel, but fxe=fOc=cEl. 


Theorem 4.6. If I is a Q-Smarandache ideal of A such that 
(i) (Vx, y,ZEQ) ((x* y) *ZE 1 => (x*z)*(y*z) El), 


then I is a Q-Smarandache implicative ideal of A. 


Proof. Assume that (x « y)*zeJI and y*zelJ, for all x,y,ze Q, thus (xO y*)Oz* €! and yOz* el, for all x,y,zeEQ. 
Then (x* Zz) *(y*Z) €1=(x©2*)O (yO z*)* €! by (i), and so (x© 2*) © (yO z*)* ® (yO©z*) €! by (cz), then ((x© z*)* ® 
(y © z*))* @ (y © z*) €! thus ((x© z*) > (yO z*)) > (y © z*) € I on the other hand by (bz) we have 

XOZ < ((xOz*) > (YO2")) > (VOX) EI, 


then by (cz) we get thatx*xz=xOz el. 
Therefore I is a Q-Smarandache implicative ideal of A. 


Corollary 4.7. If I is a Q-Smarandache ideal of A such that 
(ii) (¥x,yEQ) ((xX*xy)xyelSxxyel), 
then I is a Q -Smarandache implicative ideal of A. 


Proof. Let x, y,z < Q be such that (x* y)*y € I. Then (xO y*)O y* € I. Since ((XOZ*)O(V¥O2*)*)OZ)O (XO y*)Oz*)* = 
O, then by the proof of Proposition 4.2(2), (x© z*) © (y © z*)* € I. Hence by Theorem 4.6, J is a Q-Smarandache implicative 
ideal of A. 


Proposition 4.8. If I is a Q -Smarandache implicative ideal of A which is contained in Q, then 


(iii) (WVx,yeQ)(Wzel) (((x*y)xy)xzelSxxyel). 
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Proof. Assume that ((x * y) * y)*zeI then ((x© y*) © y*) © z* EI, for all x, ye Q and ze /. If I is a Q-Smarandache 
implicative ideal of A which is contained in Q, then I is a Q-Smarandache ideal of A which is contained in Q hence ze Q. 
Then by (c2), ((X© y*) © y*) © 2*) ze! thus (((x© y*) © y*)* @z)* Sze I, therefore (((x© y*) © y*) > z) > ze l, on 
the other hand, by (b2) 

(xO y*)Oy*) <(((KO y*) O y*) > 2) > zeEl, 


therefore ((x© y*) © y*) € I and so xx y € I by Corollary 4.7. 


Theorem 4.9. Let Q1, Q2 be MV-algebras which are properly contained in A and Q1 C Qo. Then every Q2-Smarandache (implicative) 
ideal is Q1-Smarandache (implicative) ideal. 


Proof. Straightforward. 


In the following example we show that the converse of Theorem 4.9 is not true. 


Example 4.10. In Example 3.21, consider Qz = {0,b, f,c,e,1} and Q3 = {0,b, f,1} with Q3 C Qzg. Then I = {0,b,e, 1} is 
Q3-Smarandache (implicative) ideal but is not a Q2-Smarandache (implicative) ideal of A. 


Example 4.11. If Ig is a Q-Smarandache (implicative) ideal of A and Ip C Jy, then I; is not a Q-Smarandache (implicative) 
ideal of A. In Example 3.6, Io = {0} is a Q-Smarandache (implicative) ideal of A and consider I; = {0,a}, then Io CJ; but 
is not a Q-Smarandache (implicative) ideal of A. Thus “extension property” dose not hold for Q-Smarandache (implicative) 
ideals of A. 


5. Conclusion 


Smarandache structure occurs as a weak structure in any structure. 

In the present paper, by using this notion we have introduced the concept of Smarandache BL-algebras and investigated 
some of their useful properties. In our opinion, these definitions and main results can be similarly extended to some other 
algebraic systems such as lattices and Lie algebras. It is our hope that this work would other foundations for further study 
of the theory of BL-algebra and MV-algebra. Our obtained results can be perhaps applied in engineering, soft computing or 
even in medical diagnosis. 

In our future study of Smarandache structure of BL-algebras, may be the following topics should be considered: 


(1) To get more results in Smarandache BL-algebras and application; 

(2) To get more connection to MV-algebra and BL-algebra; 

(3) To define another Smarandache structure, if put Boolean algebra instead of MV-algebra; 
(4) To define fuzzy structure of Smarandache BL-algebras. 


Acknowledgements 


The first author has been supported in part by Mahani Mathematical Research Center of Shahid Bahonar University of 
Kerman, Kerman, Iran and has been supported in part by Fuzzy systems and its Application Center of Excellence, Shahid 
Bahonar University of Kerman, Iran. 

The authors would like to express their thanks to the Editor in Chief and three anonymous referees for their comments 
and suggestions which improved the paper. 


References 


1] R. Cignoli, .M.L. D’Ottaviano, D. Mundici, Algebraic Foundations of Many-Valued Reasoning, Kluwer Academic Publ., Dordrecht, 2000. 
2] P. Hajek, Metamathematics of Fuzzy Logic, Kluwer Academic Publishers, 1998. 

3] M. Haveshki, A. Borumand Saeid, E. Eslami, Some types of filters in BL-algebra, Soft Computing 10 (2006) 657-664. 

4] Y. Imai, K. Iseki, On axiom systems of propositional calculi, XIV Proc. Japan Academy 42 (1966) 19-22. 

5] K. Iseki, An algebra related with a propositional calculi, XIV Proc. Japan Academy 42 (1966) 26-29. 

6] Y.B. Jun, Smarandache BCI-algebras, Sci. Math. Japonica 62 (1) (2005) 137-142. 

7] J. Meng, Y.B. Jun, BCK-Algebras, Kyungmoonsa Co., Seoul, Korea, 1994. 

8] R. Padilla, Smarandache algebraic structures, Bull. Pure Appl. Sci., Delhi 17 (1) (1998) 119-121. 

9] W.B. Vasantha Kandasamy, Smarandache groupoids, http://WWWW.gallup.umn,edu/smarandache/groupoids.pdf. 


